The direction-selective circuit in the retina extracts the directional information of image motion in the visual scene. It is a classic model for neural circuit analysis because its input and output are well-defined and accessible to physiological measurements. However, the neural basis of direction selectivity is still not fully understood. Indeed, this ostensibly simple computation arises from a collection of complex neural mechanisms at all levels of circuit organization. In this review, we describe recent advances in genetic, imaging and optogenetic techniques that have improved our understanding of the synaptic organization and development underlying retinal direction selectivity.
Introduction
The direction-selective circuit of the retina is arguably one of the most tractable neural circuits in the brain. The input of the circuit is a patterned sequence of photons that activates the photoreceptors in the outer retina. These signals are then transmitted via excitatory interneurons called bipolar cells into the inner part of the retina, where the direction of image motion is computed and subsequently encoded in the spiking patterns of the output neurons called the directionselective ganglion cells (DSGCs) (Figure 1 ). DSGCs generate a maximum number of spikes when the image is moving in their preferred direction, but fire minimally for the opposite, or the null, direction.
Since DSGCs were identified in the rabbit [1, 2] , rigorous investigation has been directed towards resolving the underlying circuit. Earlier work focused on a complete characterization of the receptive field properties of DSGCs. More recently, work has focused on the synaptic conductances that are activated on DSGCs during visual stimulation (for reviews, see [3-5]) . From these elegant studies, the predominant model for retinal direction selectivity has emerged, in which activation of potent inhibitory mechanisms during null-direction motion prevent the DSGC from firing action potentials. This null-direction inhibition, and therefore the directional response of DSGCs, is critically dependent on a retinal interneuron, the starburst amacrine cell (SAC). Detailed characterization of intrinsic and network properties of the SACs has greatly advanced the construction and modeling of hypothetical wiring diagrams underlying retinal direction selectivity. Recent studies provide several exciting insights into the functional and anatomical organization of synapses between the SACs and DSGCs, thereby providing critical experimental evidence for the synaptic basis of the null-direction inhibition. Furthermore, state-of-the-art genetic and optogenetic tools offer unprecedented opportunities for exploring the diversity and early development of the direction-selective circuit.
Synaptic mechanisms of direction selectivity in DSGCs
Here, we focus primarily on understanding the circuit basis of the most well-studied type of DSGC, the ON-OFF DSGC. ON-OFF DSGCs respond to both light onset and offset with a transient burst of spikes (Figure 1c) , consistent with their bistratified arbors in the ON and OFF sublamina of the inner plexiform layer (IPL) (Figure 1a) . The classical receptive field of the ON-OFF DSGC exhibits center-surround structure, with the size of the receptive field center matching well with its dendritic diameter [6] [7] [8] . When presented with a moving bar visual stimulus, both the ON and OFF components of the spike response are direction-selective over a wide range of movement velocities [9] . Furthermore, motion stimuli restricted to a small fraction (<20% in rabbit) of the receptive field can produce directional spiking of ON-OFF DSGCs, indicating that direction-selective mechanisms are present in local dendritic computational subunits that repeat in an array over the DSGC dendritic arbor [1] . Interestingly, a nondiscriminating zone where motionevoked spiking is nondirectional has been found on the preferred side of the DSGC's receptive field in the rabbit retina [1, 10] . It has been well-established that the directional spiking of the ON-OFF DSGC is due to null-direction inhibition. GABA A receptor antagonists abolish the directional response and lead to uniform spiking to all directions of motion [11] [12] [13] [14] . Furthermore, the null-direction inhibition acts independently in the ON and OFF pathways because blocking ON bipolar cell signaling with the metabotropic glutamate receptor 6 (mGluR6) agonist DL-2-amino-4-phosphonobutyric acid (APB) abolishes the ON response but spares the direction-selective OFF response [12] . When a GABA A receptor antagonist was added in addition to APB, the OFF component showed equal firing to all directions, thereby losing its directional tuning.
The directional spikes from ON-OFF DSGCs inevitably arise from the precise integration of its synaptic conductances during image motion. Indeed, careful analysis of synaptic conductances has revealed that robust direction selectivity results from synergistic actions of multiple synaptic mechanisms:
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